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ALKALI METAL ENERGY CONVERSION DEVICE

This invention relates to alkali metal energy conver-
sion devices, such as for example alkali metal cells and

particularly sodium sulphur cells. Such cells typically
employ a solid electrolyte element separating cathodic
and anodic reactants which are liquid at the cell operat-
ing temperature. |

A known construction of device comprises an exter-
nal casing, a solid electrolyte element dividing the inte-
rior of the casing into two electrode regions, an electri-
cally insulating element joined to the electrolyte ele-
ment, and at least one metal member sealed to the insu-
lating element. This structure of sealing components
typically forms part of the sealing arrangement for the
device, sealing off the two electrode regions both from
each other and from the ambient environment. For
example, the external casing of the device may be of
metal, so that any sealing of an electrode region requires
a seal to be made between the metal of the casing and
the electrolyte element. However the metal of the cas-
ing must be electrically insulated from the electrolyte
element and the insulation is provided by the interven-
ing electrically insulating element.

It will be appreciated that there are a number of op-
tions for the design of the external casing, in particular
the choice of material to be used.

For example, reference may be made to U.S. Pat. No.
4,546,056 which shows an alkali metal energy conver-
sion device having a particular arrangement of external
casing, in this case comprising a cup shaped inner hous-
ing made of aluminium separated from a steel outer
housing element by a layer of electrical insulation. The
aluminium inner housing element serves as an electrical
conductor whilst the steel outer housing element effec-
tively provides support for the inner housing element.
Aluminium has a number of properties which make it
attractive for use in such alkali metal devices, for exam-
ple low density, high electrical conductivity and resis-
tance to corrosion from, for example, species such as
polysulphides. Corrosion resistance against such species
is due to the formation of a layer of aluminium sulphide,
which 1s, however, electrically insulating. In some ap-
plications, it 1s know to arc, plasma or flame spray the
surface of an aluminium can with a material which
forms an electrically conductive layer in such an envi-
ronment. Nichrome is often used for this.

It will be appreciated that an aluminium can cannot
be used on its own for the external casing since the
substantial overpressures generated would necessitate a
can of substantial thickness and therefore cost. U.S. Pat.
No. 4,546,056 addresses this by providing a thin alumin-
ium can supported by an outer steel housing.

It 1s well known to hot dip aluminise steel to provide
a composite material which is not only relatively eco-
nomic to produce but also highly resistant to corrosion
and sufficiently strong. Hitherto, such maternals have
not been employed in alkali metal energy conversion
~ devices because they posess a number of severe draw-
backs. The drawbacks associated with hot dipped alu-
minised material stem from there being an inter-metallic
structure which is inevitably formed between the steel
and the aluminium during coating. This inter-metalic
structure is essentially columnar and comparatively
brittle. Consequently, it is not possible to diffusion bond
to a hot dip aluminised steel material since, at the tem-
peratures involved, the inter-metallic alloy layer is
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weak and the material is unable to sustain the stresses
placed on it. As a result, the material simply breaks
away if diffusion bonding is attempted. A further prob-
lem is that hod dipped aluminised materials can become
porous and thus allow corrosion.

Typically, the aluminium used in the hot dip process
has a silicon content of approximately 10-14%. This has
the effect of reducing the processing temperature re-
quired to coat the steel substrate by up to 60° C. The
silicon is also used to aid in the formation of a more
uniform intermetallic layer between the aluminium and
steel. However, the use of such high levels of silicon,
although acting as a processing aid, has been found to
degrade the ability of the material to withstand temper-
atures above 550° C.

In view of the inherent problems with hot dipped

~ aluminised materials, a variety of other aluminium coat-
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ing processes have been tested such as plasma arc or
flame sprayed coatings. All have been found to have
deficiencies, particularly porosity, which render them
unsuitable. As a conseguence, attention has turned to
chromised steels. Although these satisfy many of the
requirements, the necessity of using high carbon steel
produces a material of only limited ductility so that the
external casing of an energy conversion device can only
be drawn to a limited extent. Alloys such as Inconel 600
and Fecralloy have also been used for the external cas-
ings of metal energy conversion devices, but are costly.

In accordance with the present invention an alkali
metal energy conversion device comprises sealing com-
ponents made of a metal or metal alloy substrate having
a solid phase bonded coating of aluminium/silicon ailoy
on an internal surface thereof, said aluminium/silicon
alloy coating having the composition by weight of

0-0.5% Mg,

0-0.4% Cu,

0-1.0% Fe,

0.5-4.0% Si,

up to 0.5% other trace elements, some oxygen pres-

ent as an oxide and remainder Al.

The composition of the aluminium/silicon alloy coat-
ing has been found to be critical if both good corrosion
resistance and high temperature thermal stability are to
be achieved. To this end it has been found that an alu-
minium silicon alloy having the above composition
satisfies both criteria.

The aluminium/silicon alloy coating may be bonded
to the metal substrate at room temperature. Techniques
for this include roll bonding and friction surfacing. All
are described as “solid phase” bonding techniques in as
much as the coating is not applied in molten condition.
Such techniques avoid the formation of a brittle inter-
metallic layer. A preferred bonding process is roll bond-
ing. It should be noted however that as a consequence
of the roll bonding process a thin layer of almost pure Si
may be deposited on the outer surfaces of the alumini-
um/silicon alloy. This i1s not included in the chemical
analysis of the coating. The pure Si layer comes from a
releasing agent used in the cold rolling process.

The bond between the alloy coating and the substrate
is considerably stronger than the bond formed by hot
dip aluminising. In addition, it has been found that the
roll bonded coating has low porosity.

The use of an aluminium silicon alloy as the coating
material offers the benefit, over the more usual commer-
cially pure aluminium roll bonded coating, of giving a
much more corrosion resistant layer. The mechanmsm
for this improved resistance is not fully understood but
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it has been postulated that it is due to the Si producing
or aiding in the formation of a more stable or tenacious
sulphide coating on the surface of the aluminium.

In another aspect the invention provides an alkali
metal energy conversion device having an external
casing, a solid electrolyte element in the casing to divide
the interior into electrode regions, an electrically insu-
lating element joined to the electrolyte element and
means secured to the insulating element and the external
casing to seal off one of the electrode regions, wherein
at least part of the external casing is made of a metal or
metal alloy substrate having a solid phase bonded coat-
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ing of aluminium/silicon alloy on an internal surface

thereof, said aluminium/silicon alloy coating having the
composition by weight of:

0-0.5% Mg,

0-0.4% Cu,

0-1.0% Fe,

0.5-4.0% S4i,

up to 0.5% other trace elements, some oxygen pres-

ent as an oxide and remainder Al.

- The means secured to the insulating element may also
comprise components made of said substrate having
said coating, as may any further components exposed to
COITOSIVE Species.

The substrate is preferably iron or nickel based and
conveniently steel. The preferred bonding process is
again roll bonding.

The invention 1s therefore based on the finding that
the prior art teaching against the use of aluminium/steel
composites for such components on the grounds of
serious deficiencies was incorrect in respect of room
temperature bonded composites having the above de-
fined formulation.

An important further development of this invention is
to make the above referred coating of aluminium/sili-
con alloy relatively thick, that is more that 50 microns.
Such thicker coatings are especially useful since it has
been found that the life of alkali metal energy conver-
sion devices, particularly sodium/sulphur cells, can be
extended by forming the coating of adequate thickness.
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Preferably the coating thickness is equal to or greater

than 60 microns and more preferably equal to or greater
than 100 microns.

An Example of the invention will be described with
reference to the accompanying drawing in which:

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a diagrammatic longitudinal cross section
through a known arrangement of a sodium sulphur cell.

Referring to FIG. 1 of the drawings, a sodium sul-
phur cell of the central sodium type 1s 1llustrated com-
prising a cylindrical beta alumina electrolyte tubular
element 14 which 1s integrally closed at one end as
shown and has its other end closed by an alpha alumina
end plate 15. The end plate 15 1s sealed, by glazing to
one end of the electrolyte elelment 14 and provides
electrical insulation as well as a mechanical seal. Within
‘the sealed assembly there may be either an iron foil
element (not shown) or a mesh element (not shown)
closely adjacent the inner cylindrical surface of the
electrolyte tube 14 to leave a capillary region adjacent
that surface constituting a wick. The interior of the
assembly is filled with sodium 20 which 1s liquid at the
operating temperature of the cell; the capillary main-
tains a layer of liquid sodium over the inner surface of
the electrolyte tube 14. A current collector rod 21 ex-
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tends into this sodium, passing through an aperture 22 in
the alpha aluminia element 15.

Around the outside of the cylindrical portion of the
electrolyte element 14 is a cathode structure of annular
form constituted by three third-cylindrical elements 23
and a further cup shaped base element (not shown) of
carbon fibre material impregnated with sulphur. These
elements lie between the electrolyte tube 14 and an
outer metal case 1, the cathode elements 23 being in
contact both with the beta alumina electrolyte tube 14
and the case 1. These cathode elements may be formed
in the known way by compression of the fibre material
which is impregnated with hot sulphur, the sulphur
then being cooled so as to be solidified and thereby to
hold the element in compression to facilitate assembly
of the cell. When the cell is raised to the operating
temperature, typically 350°, the sulphur melts and the
resilience of the fibre material causes the elements 23 to
make good contact with the case 1 and the electrolyte
14.

In this example of the invention, the case 1 is made
from a steel substrate having a roll bonded coating of
aluminium/silicon alloy on an internal surface. The
coating is plasma sprayed with nichrome.

The bulk analysis of the aluminium silicon alloy coat-
ing is, by weight:

0.9% —Fe
1.0-1.5%—S1
0.3%—Cu
0.29%—Mg
96.2%—Al
1.3%—0

The oxygen present is probably retained as an oxide
of e.g. Al. There may typically be in addition up to
0.5% trace elements in the formulation. As a result of
the roll bonding process, there is a layer of almost pure
silicon on the surface of the alloy, resulting from the
releasing agent used during cold rolling. The casing 1 is
highly resistant to corrosion, and extremely strong.
Importantly also, the coating is resistant to the forma-
tion of a brittle intermetallic layer up to temperatures of
about 615° C. Growth of intermetallics is both tempera-
ture and time dependent so that during relatively rapid
high temperature (approximately 600° C.) processing
steps (e.g. by thermocompression bonding or resistance
welding), the growth of intermetallics is not a signifi-
cant problem.

Samples of the roll bonded material have been main-
tained at approximately 600° C. for 2 weeks and showed
no substantial growth of intermetallic alloys. At the
operating temperature of an sodium/sulphur cell, i.e.
approximately 350° C., samples have exhibited no sign
of significant intermetallics for substantially greater
periods. Conveniently, at higher temperatures of ap-
proximately 700° C., the growth of intermetallics is
sufficiently rapid so that significant quantities of alumin-
ium are conserved from burning. This is particularly
advantageous since an aluminium fire in a given cell is
potentially a problem for the entire group of cells.

The preferred choice of thickness for the alumini-
um/silicon alloy coating has been found to be approxi-
mately 60 micrometers thick. A thickness of 120 mi-
crons provides even better performance, extending the
life of the cell by as much as double.

The alpha alumina plate 15 is formed as a disc with a
central aperture 22. This disc is sealed to the case 1 by
means of an annular metal member 25 formed of the
steel substrate with the roll bonded aluminium/silicon
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alloy coating, although Inconel 600 or Fecralloy A may
also be used. This member 25 is secured by welding to
the periphery of the housing and by thermocompression
bonding to the disc 1§ in an annular region around the
centralaperture 22. The central compartment of the cell
1s closed by means of a current collector 21 passing
through the aperture 22 and secured to an inner metal
element 9 also bonded to the alpha alumina around the
aperture 22 by means of thermocompression bonding.
The element 9 is spaced radially inwardly from the
annular metal member 25 so that they are electrically
insulated from one another by the alpha alumina disc.
The element 9 may also be made of the steel substrate
with the roll bonded aluminium/silicon alloy coating.

In the manufacture of the cell, the metal members 25§
and 9 are bonded to the alpha alumina end plate 18
before further assembly of the cell. This bonding is
effected by compression at an elevated temperature and
under vacuum conditions or in an inert atmosphere.

The inner metal member 9 is of relatively small radial
extent and the seal is effected by applying pressure
through a backing washer 10 to seal the outer peripheral
edge of inner metal member 9. The material of the
washer 10 1s such as to become bonded to the member.
The outer annular metal member 2§ is sealed to the
alpha alumina lid over a small annular region around the
inner member but slightly spaced therefrom by apply-
ing pressure through a further backing washer 11.

A strengthening washer 8 is also thermocompression
bonded to the upper surface of the inner metal member,
annular sheet 9. The strengthening washer 8 has a thick-
ness greater than the thickness of the member 9 and
serves to keep the inner peripheral portion of the sheet
9 substantially rigid. The outer diameter of the washer 8
1s substantially less than the diameter of the backing
washer 10, corresponding to the position of the seal
between the member 9 and the alpha alumina lid 18.

The central current coliector 21 extending through
the aperture 22 has an annular shoulder 7 which seals
against the inner edge of the strengthening washer 8 and
1s welded thereto to provide the necessary hermetic
seal.

Because the annular sheet 9 is bonded to the aplha
alumina hd 1§ only about the outer periphery of the
sheet 9, some flexibility is provided between the seal
with the central current collector 21 and the seal to lid
15. The material of the sheet 9 is made sufficiently thin
to permit some distortion in the region indicated gener-
ally at 26 between the backing washer 10 and the
strengthening washer 8.

I claim:

1. Alkali metal energy conversion device comprising
sealing components made of a metal or metal alioy
substrate having a solid phase bonded coating of
aluminium/silicon alloy on an internal surface thereof,
said aluminium/silicon alloy coating having the compo-
sition by weight of

0-0.5% Mg,

0-0.4% Cu,

0-1.0% Fe,

0.5-4.0% S

10

15

20

25

30

35

45

235

65

6

up to 0.5% other trace elements, some oxygen pres-

ent as an oxide and remainder Al.

2. Alkali metal energy conversion device having an
external casing, a solid electrolyte element in the casing
to divide the interior into electrode regions, an electri-
cally insulating element joined to the electrolyte ele-
ment and means secured to the insulating element and
the external casing to seal off one of the electrode re-
gions, wherein at least part of the external casing 1s
made of a metal or metal alloy substrate having a solid
phase bonded coating of aluminium/silicon alloy on an
internal surface thereof, said aluminium silicon allpy
coating having the composition by weight of

0-0.5% Mg,

0-0.49% Cu,

0-1.0% Fe,

0.5-4.0% S,

up to 0.5% other trace elements, some oxygen pres-

ent as an oxide and remainder Al.

3. Alkali metal energy conversion device as claimed
in claim 2 wherein the means secured to the insulating
element comprises components made of said substrate
having said coating.

4. Alkali metal energy conversion device as claimed
in any preceding claim wherein said substrate having
said coating has a thin layer of silicon on the surface of
the aluminium/silicon alloy.

5. Alkali metal energy conversion device as claimed
in claim 1, 2, or 3 wherein said substrate 1s iron or nickel
based.

6. Alkali metal energy conversion device as claimed
in claim § wherein said substrate contains chromium.

7. Alkali metal energy conversion device as claimed
in claim § wherein the substrate is steel.

8. Alkali metal energy conversion device as claimed
in claim 1, 2 or 3 wherein said coating 1s a roll-bonded
coating. :

9. Alkali metal energy conversion device as claimed
in claim 1, 2 or 3 wherein said coating has a thickness
greater than 50 microns.

10. Alkali metal energy conversion device as claimed
in claim 9 wherein said coating has a thickness equal to
or greater than 60 microns.

11. Alkali metal energy conversion device as claimed
in claim 10 wherein said coating has a thickness equal to
or greater than 100 microns.

12. Alkali metal energy conversion device as claimed
in claim 8 wherein said coating has a thickness greater
than 50 microns.

13. Alkali metal energy conversion device as claimed
in claim 12 wherein said coating has a thickness equal to
or greater than 60 microns.

14. Alkali metal energy conversion device as claimed:
in claim 13, wherein said coating has a thickness equal
to or greater than 100 microns.

1S. Alkali metal energy conversion device as claimed
in claim 6 wherein the substrate is steel.

16. Alkali metal energy conversion device as claimed

in claim 1 or 2 wherein the composition by weight of
Mg is 0<% Mg=0.5.
ik

x %x X X



	Front Page
	Drawings
	Specification
	Claims

